Cognitive impairment is thought to be a major cause of disability worldwide, though data from sub-Saharan Africa (SSA) are sparse. This study aimed to investigate the association between cognitive impairment and disability in a cohort of community-dwelling older adults living in Tanzania. The study cohort of 296 people aged 70 years and over was recruited as part of a dementia prevalence study. Subjects were diagnosed as having dementia or mild cognitive impairment according to the DSM-IV criteria. Disability level was assessed according to the WHO Disability Assessment Schedule, version 2.0 (WHODAS). A higher WHODAS score indicates greater disability. The median WHODAS in the background population was 25.0; in those with dementia and in those with mild cognitive impairment, 72 of 78 (92.3%) and 41 of 46 (89.1%), respectively, had a WHODAS score above this level. The presence of dementia, mild cognitive impairment, hearing impairment, being unable to walk without an aid and not having attended school were independent predictors of having a WHODAS score above 25.0, though age and gender were not. In summary, cognitive impairment is a significant predictor of disability in elderly http://dx.
Introduction
The number of people surviving into old age is increasing, with the biggest increase in the next 50 years predicted to be seen in low-and middleincome countries as they continue to undergo a demographic transition [1] . This is likely to be accompanied by an increase in the prevalence of age-related non-communicable diseases, such as dementia [2] . It is estimated that 58% of people with dementia live in low-and middle-income countries, and this figure is estimated to rise to 71% by 2050 [2] .
Dementia is a major contributor to the overall worldwide disease burden in low-and middleincome countries [3] [4] [5] . However, data from sub-Saharan Africa (SSA) are sparse. The International Classification of Functioning, Disability and Health (ICF) was developed by the World Health Organization (WHO) with the aim of providing a quasi-objective framework within which subjective notions of disability and health could be more clearly defined [6] . Disability was defined as Ôthe negative aspects of the interaction between an individual (with a health condition) and that individualÕs contextual factors (personal and environmental factors)Õ [6] . The WHO Disability Assessment Schedule, version 2.0 (WHODAS) was developed to measure levels of disability, as defined by the ICF framework [7] . The WHODAS is a global measure of disability and aims to measure the types of functional limitations that may result from any health condition. It has been extensively validated in a number of world regions in people with a variety of health conditions [8] [9] [10] [11] .
The primary aim of this study is to investigate the level of disability, as defined by the WHODAS, experienced by a cohort of elderly people living in Tanzania.
Methods
Ethical approval for the study was granted locally by Tumaini University ethics committee and the Tanzanian National Institute of Medical Research. Data for this study were collected as part of a wider dementia prevalence study, details of which have already been published [12] . Brief details of the study methodology are given below.
Setting and study population
The rural Hai district is located in the north of Tanzania, on the southern side of Mount Kilimanjaro. Part of the district was established as a demographic surveillance site (DSS) in the early 1990s and, as such, there are regular population censuses of the area [13] . The most recent census was completed on the first of June 2009 and recorded the population as 161,119, of whom 8869 were 70 years and over. The DSS is broadly representative of the rural population of Tanzania. People live within large family units. The majority are subsistence farmers, and daily activities for older family members might consist of agricultural work, running the household and taking care of grandchildren. All data presented here were collected between 12 April and 30 September 2010 in the study villages. Participants were seen at a place of their convenience (village health centres or in their own home). Signed informed consent was obtained from each participant. For those who could not write, a thumbprint was obtained. If participants were unable to consent due to cognitive impairment, written assent was obtained from a close relative.
It was planned to see approximately one-eighth of the entire population aged 70 years and over in the DSS. Using a random number generator, six villages, with a census population of 1277 people aged 70 years and over, were selected to form the basis of the study cohort. Exclusions, refusals and additions have been described previously [12] . The final study population was 1198 people during phase one screening. Screening was conducted by trained census enumerators using the Community Screening Instrument for Dementia (CSI-D) [14] .
During the second phase, a stratified sample of those screened (n = 296), with over-sampling for those with moderate or poor cognitive performance by CSI-D, was fully assessed by a doctor (A.L. or S.-M.P.). The second phase sample consisted of 168 people from 184 with Ôpoor perfor-manceÕ, 56 people from 104 with Ômoderate performanceÕ and 72 people from 910 with good performance, according to the CSI-D. The 72 with good performance were randomly selected from the 910 people not thought to have dementia by CSI-D screening and are likely to be representative of the cognitively normal background population of people aged 70 years and over. All 72 were seen by a doctor during phase II to confirm they were cognitively normal.
The population for the study described here are all those assessed during the second phase, 78 of whom had dementia, and 46 of whom had mild cognitive impairment (MCI).
Disability assessment
Disability can be measured in relation to a personÕs ability to perform activities of daily living (ADLs). Basic ADLs (feeding, dressing, personal hygiene, mobility, toileting) are those that are fundamental to staying alive. Instrumental ADLs are those ADLs that are required to allow a person to live independently within a community. Instrumental ADLs include shopping for food, dealing with money, transportation, use of technology, taking medication and cooking [15] .
The 12-item WHODAS is designed as a global measure of disability and functioning. It measures ability to perform basic and instrumental ADLs as well as having questions directly related to mental and emotional health and cognition, such as ability to maintain friendships and participate in society [7] . Questions are divided into six domains: cognition (learning and concentrating), mobility (standing and walking), self-care (washing and dressing), getting along (personal relationships), life activities (work and domestic duties) and participation in society (emotions and social activities). The questions relate to a personÕs ability to perform tasks of daily living in the previous 30 days. Two questions are asked per domain and responses are scored on a five-point scale: 0 (none or no difficulty with the task), 1 (mild difficulty), 2 (moderate difficulty), 3 (severe difficulty) and 4 (extreme difficulty/cannot do). The short 12-item WHODAS has been shown to account for 81% of the variability in scores from the full 36-item WHO-DAS [7] . Although different scoring systems exist, the complex scoring system recommended by WHO was employed to allow for direct comparison with other studies [7] . The items are re-scored and weighted to give a global disability score, running from 0 to 36. This score is then re-scaled so that it runs from 0 to 100, with 100 representing the maximum level of disability.
The Barthel index is a measure of disability relating to a personÕs ability to perform basic ADLs. Although the ability to perform basic ADLs is likely to be associated with any cognitive, emotional or mental health problems, it is not a direct measure of such impairments. The Barthel index has ten questions and is scored from 0 (severe disability) to 20 (no disability). Self-reported information relating to mobility (independent, with a walking aid or not independently mobile), hearing and eyesight were also collected.
Cut-offs for disability
For illustration purposes, WHODAS data are presented in four categories depending on score, with 0-24 indicating minimum disability and 75-100 maximum disability. This categorization is consistent with that used by the WHO-SAGE INDEPTH study [16] . A cut-off for the presence of disability has not been established for the WHODAS in SSA. The 60th and 90th centile have both been used as a cut-off for disability in recent studies [3, 17] . The WHO-SAGE INDEPTH studies from Tanzania, Kenya and Ghana used the median as a convenient cut-off to dichotomize their data [18] [19] [20] . However, since this study sample is not representative of the wider community of elderly people living in Hai, being biased towards people with dementia, the cut-off used was the median of those subjects selected randomly from the background population who had good cognitive performance by CSI-D (n = 72). For the Barthel index, the cut-offs defined by Heslin et al. were used [21] . Severe disability was defined as a score of 0-14, moderate disability as a score of 15-18 and mild/no disability as a score of 19-20.
Statistical analysis
All data were non-normally distributed and are described in terms of median, interquartile range (IQR) and range as appropriate. Logistic regression models were used to identify univariate and multivariable predictors of a WHODAS score greater than the median. Demographic factors (age, sex and education) were included in the model as were variables measuring sensory impairment (hearing and eyesight), mobility impairment and cognitive impairment. Barthel index score was not included in the model, since it was felt to be measuring the same broad construct as the outcome variable and so its inclusion would not be informative. All predictor variables were categorized for the purposes of model building, with age split into five-year age bands. Multivariable models were constructed using backward elimination based on the Wald statistic. Robustness was checked by examination of deviance residuals, CookÕs distances, loading of variables on individual eigenvalues and collinear-ity diagnostic tests. Two-tailed tests and a significance level of 5% were used throughout.
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Results

Demographic characteristics
Demographic and clinical characteristics of the cohort, split into quartiles based on WHODAS performance, are shown in Table 1 . There is a clear trend towards higher prevalence of dementia and a less obvious trend towards less formal schooling and greater age in those with higher WHODAS scores. There was no obvious trend in gender distribution with WHODAS score.
The median WHODAS score for subjects who were selected from the background population with good cognitive performance by CSI-D (n = 72) was 25.0 (IQR 9.0-41.7). The mean WHO-DAS score for this group was 28.0. Of the 72 subjects, 14 (19.4%) scored zero, indicating no disability. People with dementia had a median WHODAS score of 72.2 (IQR 47.2-84.0) and people with MCI had a median score of 54.2 (IQR 38.9-70.8).
Two-hundred and eighteen subjects (73.6%) had a score above the median of the background population. This included 72 of 78 people (92.3%) with dementia, 41 of 46 people (89.1%) with MCI and 105 of 172 (61.0%) with no cognitive impairment. The relatively high rate of disability in those with no cognitive impairment is likely to be partly due to the fact that many people who did not have cognitive impairment scored poorly on the CSI-D (and so were included in phase two assessment) due to other health problems, such as depression or sensory impairment. By logistic regression, the presence of MCI, dementia, no formal education, hearing problems, and being unable to walk without any aids were significant independent predictors of having a WHODAS score above the median (Table 2) . There was a strong correlation between the Barthel index score and the WHODAS score (r = 0.533, p < 0.001). The odds of someone with moderate or severe functional impairment in basic ADLs having a WHODAS score above the median were 6.12 (95% CI 2.68-13.93). The correlations of each of the six domains for the WHODAS with the presence of dementia and the presence of moderate or severe disability in basic ADLs are presented in Table 3 . The presence of dementia was associated with higher WHODAS scores across all domains, though it was highest for self-care, cognition and life activities.
Barthel index score was also associated with the presence of dementia, with the odds of someone with moderate or severe disability by Barthel index score having dementia being 4.24 (95% CI 2.45-7.36). 15 , p = 0.009) Table 3 Point biserial correlation of WHODAS domain scores with moderate or severe disability in basic ADLs and dementia.
Domain Correlation with presence of dementia
Correlation with presence of moderate or severe impairment in basic ADLs Cognition r = 0.382, p < 0.001 r = 0.379, p < 0.001 Mobility r = 0.250, p = 0.001 r = 0.343, p = 0.001 Self-care r = 0.446, p < 0.001 r = 0.654, p < 0.001 Getting along r = 0.291, p < 0.001 r = 0.371, p < 0.001 Life activities r = 0.353, p < 0.001 r = 0.462, p < 0.001 Participation r = 0.261, p < 0.001 r = 0.328, p < 0.001 Overall scale r = 0.397, p < 0.001 r = 0.505, p < 0.001
Discussion
The influence of cognitive impairment on disability levels within a group of elderly, community dwelling people from Tanzania has been investigated in this study. WHODAS scores in people without dementia or MCI from the background population were similar to those of people aged 70 years and over in the Ifakara region of Tanzania (mean = 27.6) and lower than those reported from rural northern Ghana (mean 39.3) for this age group [18, 20] . Comparison between studies is hampered by demographic, cultural and lifestyle factors and different methodologies used. It was recognized that the exclusion of people with MCI and dementia from this background population is likely to have reduced the median WHODAS score for this group, and this may help to explain the higher scores seen in other cohorts. Interestingly, in this cohort, although age and gender were significant univariate predictors of a disability score greater than the median, they were not significant independent predictors, though education level was. It is not clear why this should be, although previous studies have noted education to be a useful marker for socio-economic status in this population [13] . The 10/66 Dementia Research Group has suggested dementia to be a major cause of disability worldwide [3] . Although some chronic conditions, such as stroke, may be more disabling at a personal level, the higher prevalence of dementia means that, at a population level, the attributable burden may be greater. This study reveals a strong association between impaired cognitive function and disability, even after adjusting for the effects of the more obvious disabilities of hearing problems, eyesight problems and being unable to walk without an aid. Dementia was significantly associated with higher scores in all WHODAS domains. It has previously been suggested that many people in low-and middle-income countries do not recognize the symptoms of dementia as a problem in their older relatives, attributing any changes to the normal process of ageing [22] [23] . Although this may be the case, the symptoms of dementia and MCI appear to lead to greater levels of disability.
The strong association between dementia and disability may be unsurprising, given that functional impairment is required in order for a diagnosis of dementia to be made. However, the extent of functional impairment required to diagnose dementia may mean that performance of basic ADLs is unaffected. Thus, the levels of disability reported here greatly exceed those required to diagnose dementia, in most cases. Moreover, it is notable that the association between MCI and disability was also strong.
Fewer cases of MCI than dementia were identified in this cohort. A study of cognitive impairment in people aged 65 years and over in Nigeria identified more cases of MCI than dementia [24] . Although the reasons for this are not clear, this older age structure together with genetic and lifestyle factors and the high prevalence of vascular risk factors (e.g., hypertension and stroke) in this East African population are likely to be important [25] [26] .
Dementia cannot be cured and management strategies usually focus on patient and caregiver education, reducing the associated disability burden and improving quality of life [27] . Nevertheless, if people with MCI, at risk of developing dementia, can be identified in the community at an early stage, it may be possible to reduce the burden of disability using management strategies appropriate to this setting [28] . Given the relatively high prevalence of dementia, compared with other chronic non-communicable diseases, the societal and economic impacts of such interventions are likely to be substantial.
The main limitation of this study is that this population was a stratified sample of people aged 70 years and over living in the study villages. People with dementia and MCI were over-sampled relative to the background population, where the prevalence of dementia is 6.4% [12] . Nevertheless, the data analysis techniques used are robust to these population characteristics, and no inferences have been drawn regarding the population as a whole. This study focuses on the role of cognitive impairment in disability. It is recognized that other mental and physical health disorders, such as depression, are likely to contribute to the burden of disability; however, no specific conclusions on the role of these potentially confounding variables have been drawn. The interplay between disability and depression in Nigeria has been described by Gureje et al. [29] . However, the effects of sensory impairments and mobility as confounding variables were allowed for, and these data are felt to be robust.
In summary, dementia and MCI are significant predictors of disability in elderly people living in Tanzania. Screening for early signs of cognitive decline would allow management strategies to be put in place that may reduce the disability burden of people with MCI and dementia. However, such strategies must be community-based, affordable, sustainable and culturally acceptable if they are to have the desired impact. In SSA, a resource-poor setting, the successful implementation of such interventions will require an integrated, multi-disciplinary approach.
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